Abstract -With the aid of more sensitive instrumental methods it is possible to determine trace elements after separation of different fractions from soil and plant samples. Fractions of soils and sediments are obtained by extraction with different reagents, chosen in function of biological, ecological or chemical considerations. In plant samples it is possible to separate free ions and organo-mineral complexes combining techniques of extraction, sephadex gel filtration and ion exchange, thin layer chromatography, electrophoresis and molecular filtration.
INTRODUCTION
Agricultural and biological research laboratories have a traditional interest for trace element analysis. (14) (15) (18) . Beside molecular absorptiometry and emission spectrometry, there is a choice of electrochemical , neutron activation, spectrofluorimetric, Röntgen fluorimetric and mass spectrometric techniques, while atomic absorption and more recently inductively coupled plasma (ICP) emission spectrometry have known an impressive development. Several of these methods require a rather heavy instrumentation, while medium size instruments, such as atomic absorptiometers, have been rapidly introduced on a large scale. Judging by the number of publications it seems that electro-analytical methods didn't get the same popularity, though they offer also attractive possibilities. Anodic stripping voltametry (24) is gaining interest and specific electrodes represent an attractive tool at the condition that interferences are carefully corrected or avoided. The continuous lowering of detection and determination limits has stimulated the study of a new family of trace elements, at the ppb level, in soils and biological material. One can expect that this tendency will continue, together with an increasing interest for the separation of total contents into fractions of different biological importance and activity. Appropriate methods for such studies are described in this paper.
TRACE ELEMENTS IN SOILS AND SEDIMENTS
Soil chemical analysis presents different aspects, according to the fractions of elements being considered. The determination of total trace element contents is mainly used in geochemistry. From an agricultural point of view a biologically active fraction is of more interest. Its determination is based on the solubilization of fractions which are considered as available, accessible, mobile or simply extractable. More recently, the amounts of trace elements being introduced into the soil, accidentally or intentionally, e.g. with waste products and sludges, are such that total contents also deserve an increased agricultural interest. The same applies to river sediments, where the distribution of mineral elements between the sediment and the liquid phase is also governed by their mobility. From an ecological point of view it is important that excesses of heavy metals and other toxic elements should be immobilized and retained in the solid phase.
Total soil analis
The methods used for total trace analysis are comparable to those applied for minerals, rocks, meteorites and the order of contents of mineral elements in soils are, in ppm (*) Research carried out with the aid of the Belgian "Institut pour lEncouragement de la Recherche Scientifique dans l'Industrie et l'Agriculture (I.R.S.I.A.) Brussels. The major problems in total soil analysis are sample pretreatment and preparation of standards sufficiently similar with the samples. Methods suitable for powder analysis such as arc or spark emission, X-ray fluorescence and spark-source mass spectrometry, permit to reduce sample preparation to a minimum, avoiding contamination. Generally, the finely powdered samples are thoroughly mixed in an agata mortar with a diluent powder, acting at the same time as a buffer, levelling off the differences between samples, reducing inter-element effects, providing a common matrix and containing internal standards (5) . A spark-source mass spectrometric method, capable to provide quantitative determinations of more than 50 elements with a precision of 10 to 15 % by direct soil analysis, was recently described by URE and BACON (23) . The samples, mixed with 1 part of pure aluminium powder contaming indium and iridium as internal standards, are pelleted and used as electrodes. For soil analysis, the effects of matrix and granulometric differences can be further reduced through isoformation by fusion of the sample with e.g. lithium tetraborate or a mixture of bonc acid, lithium and strontium carbonates.This procedure entails however a dilution, which affects the sensitivity. The problem of isofoniiation is of course inexistant after solubilization of the soil samples. This requires fusion with sodium carbonate (15) or borate and implies an important dilution. Therefore such techniques represent generally the first step of chemical concentration procedures, e.g. producing concentrates in an alumina matrix after precipitation of trace elements with 8-hydroxyquinoline, tannic acid and thionalide (thioglycol -amino-naphthalide) (23) .
Other concentration techniques make use of sulphide-precipitation (7) or complexation with ammonium pyrrolidine dithio carbamate and chloroform extraction (11) . The mentioned concentration methods result in the elimination of major constituents and a Several 100-fold enricIent.
Extractible fractions
A large number of methods have been described for the extraction of trace elements, either individually or simultaneously. Their value is judged in function of more or less satisfying correlations between the extracted amounts and plant uptake or growth response. The large number and diversity of methods indicates by itself their speculative character.
Only for a few elements there is sufficient agreement on one common method. Thus boron is generally extracted with hot water (2) and molybdenum with neutral ammonium acetate (15) or ammonium oxalate at pH 3.3 (8) . In the case of manganese, the method of SCHACHTSCHABEL (19) , distinguishing between soluble, exchangeable, easily reducible and active fractions by different successive treatments, has been largely adopted.
For simultaneous extraction of trace elements, ammonium acetate at pH 4.8 has often been employed. LAKANEN introduced an extraction with 0.5 n ammonium acetate, containing 0.02 m EDTA at pH 4.65 (12) . The presence of EDTA prevents precipitation of several trace elements with phosphates, which might take place as a secondary reaction during soil extraction. Chelating agents, especially DTPA (diethylene-triamine-penta-acetic acid), are increasingly used and LINDSAY and NORVELL (13) In routine analysis the principle techniques of generalized use are : flame atomic absorption for Fe, Mn, Zn, Cu, Co ; flameless atomic absorption for Mo, Al, Hg, Cd, Pb ; spectrophotometry for B, As ; spectrofluorimetry for Al, Se ; specific electrodes for F. The elements Sn, Sb, Se, Br and others still form a difficult group from the trace analytical point of view. The recommended method for bromide is neutron activation as well as a gaschromatographic determination after linking as methylbromide and electron capture detection. The new possibilities offered by ICP emission spectrometry are rapidly being explored.
Meanwhile, more fundamental studies concern the mechanisms of extracting fractions of trace elements, based on phase equilibria.
When a soil or sediment sample is put in contact with a solution, the system tends to an equilibrium in which the total amount of an element M is distributed over free, complexed, adsorbed and solid fons, in function of equilibrium constants and solubility products and resulting from different competitive reactions in which all components take part. In the liquid phase trace elements are present as free ions and as soluble organo-mineral complexes.
Changing pH and redox-potential may cause important equilibrium displacements. Furthermore "suspended solids" may contribute to an increased content of adsorbed trace elements in the liquid phase, where they form a "pseudo-solution". This accounts greatly for the presence of heavy metals in rivers.
Working on the soil sample itself, the following fractions may be separated a) the amount soluble in water or in any other extracting solution. As a rule only a small part of trace elements is soluble in water, while an important fraction dissolves in strong acid medium. KRAHMER and BERGMANN (10) distinguished the following copper fractions Cu-org : soluble in NaOH/EDTA Cu-ox : soluble in M-oxalate-oxalic acid Cu-occi : (occluded with Fe-oxides) soluble in Im-oxalate-oxalic acid containing zinc Cu-Si : soluble in hot perchloric acid and found that they were principally determined by the geological origin of the soil. Cu-org and Cu-ox were narrowly correlated with the 0.43 n HNO3 extractable fraction. ANDERSSON (1) made an attempt to separate ecologically significant fractions of heavy metals in soils by means of three common soil extractants : 2 m HN0 at 100°C (2 h in a boiling waterbath), 1 m NH4OAc at pH 4.8 and 7 respectively (at 20°C in an end-over-end rotator for 1 h). With 1 m NH4OAc at pH 4.8 the most mobile fractions are separated.
Extraction with 2 m HN0 proved to release an important percentage (57 -92 %) of the total content of the diffrent heavy metals, so that it gives valuable information on the total pollution with these elements.
A method for evaluating the potentially mobile fraction of trace elements consists in preparing a soil-water suspension (ratio 1/10) and stepwise acidifying with HNO3 from the original pH till pH 0. c) trace elements linked with organic matter can be extracted with 0.2 n NaOH (pH 12). A further separation is possible by bringing the extract to pH 1 with HC1, which precipitates humic acids, while fulvic acids remain soluble. Thepossibleinfluence of organic matter on the behaviour of trace elements in soils is illustrated in fig. 1 , showing the different forms of Cu and Zn in presence of humic acid at varying pH values (25) . The complexed fraction is found as % ML =(i -_). 100
2.-Another possibility for separating organo-mineral complexes is the use of membrane filters, by which compounds with a molecular weight of 1000 or more can be removed. TraceThTeTeiTt analysis of the filtered solutions showed that the organo-mineral complexes have generally high molecular weights. In acid medium however the contribution of such complexes to the solubility of heavy metals decreases rapidly (4).
3.-Separation of the organic fractions in soil extracts is also possible with sephadex-gel filtration. Analysis of the eluted fractions which contain organic compound? TniE&EeTby iT.V.dtIEtion (265 nm), permits to identify the presence of Cu, Zn, etc. in complexed forms. This necessitates of course highly sensitive analytical methods e.g. flameless atomic absorption. to observe the evolution of added elements, which rapidly decreased in function of adsorption and complexing mechanisms. The distribution of heavy metals over different forms in a contaminated soil and in a river sediment, is shown in table 2. 
Analytical methods
Generally the determination of trace elements in plants starts with the so-called "mineralization" step. This is a complete desintegration of the organic matter either by ashing or by wet destruction with boiling acid mixtures. Due to the differences in plant composition, the elements to be determined are present in largely varying matrices. Normally synthetic standards of different basic composition are prepared for calibration in similar conditions. Natural standards composed of different species samples, carefully analyzed by a number of cooperating laboratories have also been prepared for calibration tests (17) .
Trace element fractions and distribution
Relatively little is still known about the forms in which trace elements occur in plants, though their biological activity is mainly determined by the chemical form. It is evident that they may partly be present as free ions and partly incorporated in organo-mineral compounds. Chelation prevents precipitation and keeps trace cations soluble during translocation. TIFFIN (22) showed that citrate acts as a chelator for Fe in different plants. HOFNER (9) found that Fe, Mn, Zn, Co and Ni are partially chelated and transported by amino acids and peptides and it is probable that also sugars, phenols and hydroxy-acids act in the same way.
On the other hand metallic ions are known to act as cofactors or activators in enzyme systems and more than 25 % of all known enzymes belong to the metalloenzyme group.
Application of highly resolving separation methods in combination with sufficiently sensitive analytical techniques makes now possible to study the distribution and incorporation of trace elements in biological samples. Such methods and results are described in the following paragraphs.
Combining methods of extraction, sephadex gel filtration and ion exchange, thin layer chromatography, electrophoresis and molecular filtration it is possible to compose an analytical chain for separating free ions and organomineral complexes in plant samples. The general scheme of the analytical system is shown in fig. 2 . Fresh plant material is smashed under liquid nitrogen in order to stop any enziiiatic activity and 5 to 10 g of the fine ground sample are homogenized with a high speed blender in 50 to 100 ml bidistilled water. The suspension is centrifuged for 30 minutes and the supernatant liquid filtered through a 0.45 p membrane filter. This solution is used for further separations. An aliquot of the tissue extract (5-10 ml) is carefully put on a column filled with sephadex G-25 (diameter 3 cm, length 90 cm) and eluted with a NaOAc-HOAc buffer of pH 6. The solution obtained after the void volume (Vo) is collected in fractions of 5 ml until a total of at least two times the bed volume. The trace element content of each fraction is determined using a sufficiently sensitive method e.g. flameless atomic absorption. These concentrations are plotted against the eluted volume and for comparison superposed on analogous histograms obtained with free ion solutions treated in a similar way. At the same time each fraction is spotted on a thin layer and specific color reactions e.g. with ninhydrin for amino-acids are used to identify the nature of the yielded compounds amino acids, peptides, sugars, phenols etc.
As an exemple figure 3 shows the presence of copper, which is found in complexes, corresponding with the peaks 1 and 2 (dotted curve). If any free copper had been present, it should have been located in correspondance with peak 4, which shows the elution of Cu2+ at pH 6, and peak 3 at pH 3. This experiment indicates that the total amount of copper is incorporated in two complexes, one high molecular weight fraction (M.W. > 5000) and another main fraction with a molecular weight slightly higher than 1000. Both complexes furthermore proved to be aminoacids or peptides bearing negative charges. Ion exchange and electrophoresis are also appropriate methods for separation of free and cornplexed forms of trace elements in plants.
In our experiments 5 to 10 ml of the tissue extracts are brought upon columns (diameter 4 cm, height 10 cm) containing 75 ml of the following sephadex ion exchanging gels : cation exchanger CM-C 25, anion-exchanger DEAE A-25 and a combination of both. Elution is carried out respectively with the NaOAc-HOAc-buffer (CM-C25) and with 0.1 n NaC1 (DEAE A-25 ml and combined column).
The element under study is quantitatively determined in the yielded solutions if necessary after previous concentration. Taking into account its'presence as a cation (M ) and in anionic (M ), amphoteric (Mt) and neutral (M°) complexes, the total quantity is EM=M++M+Mt+M0 (1) The following information results from the experimental data and permits to calculate the value of each component. 
Experimental results obtained for copper, zinc and lead are summarized in table 3.
These observations are in agreement with the results obtained by gel filtration. They confirm that copper is almost completely complexed (98.5 %) and so are some 30 % of zinc and 80 % of lead.
Paper electrophoresis may also be used at different stages of the analytical scheme. Therefore 2 ml solution are applied in a thin strip of about 0.5 cm on electrophoretic paper saturated pH 3 700 600 500
Zn2t
Analogous experiments show that an important fraction of zinc in plant tissue is present in free ionic form. with the same NaOAc-buffer of pH 6 as used for sephadex gel filtration.
A potential of 10 V per cm is applied over 35 cm length during 120 minutes and the paper is then dried at 110°C. Strips of 1 cm are cut and eluted with boiling 0.1 n HNO3 for elementary analysis (15 strips at anode side and 15 strips at cathode side).
ANALYTICAL SENSITIVITY AND PRECISION
Though the sensitivities of various analytical methods are often very different for the individual elements,the determination limits are situated between : 1Q4 and 10-2 ppm (neutron activation, stripping voltametry, flameless atomic absorption), io and 10-1 ppm (ICPemission spectrometry), 10-2 and 100 ppm (flame atomic absorption, molecular absorptiometry), 10-1 and 100 ppm (spark source mass spectrometry) and > 1 ppm (X-ray fluorescence).
In order to make sure that a significant analytical difference between two mean values should correspond with a biologically significant difference, COTTENIE e.a. (6) have estimated the maximum allowable standard error a, permitting to detect a given significant difference 6 between two samples (see table 4 ). The most important problems with regard to trace elements are jointly studied by the members of the F.A.O. European research network on trace elements. A comparative study of analytical diagnosis of soils and plants aims to agree on a common reference method. Besides analytical problems,calibration and interpretation studies are also carried out, while the cycling of trace elements and the importance of airbornetrace elements towards agricultural crops and arableland are also estimated.
CONCLUSIONS
The separation techniques described, in combination with sufficiently sensitive analytical methods, permit to study the behaviour of trace elements in plants, soils and sediments. This makes possible to judge the nutrient and ecological situation of soils and sediments, to observe in which way eventual excesses are stored in plant tissues and to study the incorporation of essential as well as non essential trace elements in plants. The proportions in which free ions, organomineral complexes and adsorbed forms are present vary largely from one element to another.
